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57 ABSTRACT 
Novel powders, and resinous compositions bearing said 
powders, characterized by excellent chemical stability, 
electrical conductivity, and energy-absorbing charac 
teristics. These three characteristics can be utilized, 
alone or combination, in forming many novel articles 
including microwave shielding apparatus, magnetic 
recording media, explosives, and the like articles. The 
more advantageous powders are characterized by a 
very thin coating of an electrically conductive metal 
carbide, metal silicide, or metal boride upon the surface 
thereof, and a metal core. 

ow 75/0.5 B 

16 Claims, 2 Drawing Figures 
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POWDER PRODUCTS 

RELATED APPLICATIONS 
This application is a continuation-in-part containing 

claims which were required to be divided out of a U.S. 
patent application Ser. No. 540,521 filed Jan. 13, 1975, 
now U.S. Pat. No. 4,092,459, by Robert J. Deffeyes. 

BACKGROUND OF THE INVENTION 

This invention relates to novel powders comprising 
coatings of an electrically conductive silicide, carbide, 
or boride on the surface thercof. 
There has been a great deal of inventive effort de 

voted to producing small, electrically-conductive metal 
powders for use in electromagnetic energy shielding 
applications. One of the primary problems to be over 
come was to develop a substitute for expensive silver 
loadings. To this end a number of substitutes were sug 
gested, e.g. silver-coated copper and silvercoated glass. 
The former material has proved to be the choice in most 
applications because of its lower cost and high metal 
content. Nevertheless, because copper tends to migrate 
into and through the silver powder, eventually forming 
an oxide of high electrical resistivity, work continues in 
an attempt to provide a suitable alternative to the fa 
vored approach. 

In a different field of technology other investigators 
have been working to provide improved ferromagnetic 
powders for use in magnetic recording media. A great 
deal of work has been done in an attempt to provide 
particles of good corrosion resistance and of high mag 
netic moment. Iron, a particularly desirable candidate 
for such applications, is not favored because of its sus 
ceptibility to corrosion. Therefore most magnetic re 
cording members have been made out of iron oxides. 
Such relatively exotic materials as "chromium dioxide' 
and highcobalt alloys also have been developed for use 
in magnetic applications. However, where iron itself 
has been utilized, its potential effectiveness is grossly 
reduced because of the need to use an extraordinary 
amount of chemical stabilizers in the formation. Some 
patents generally descriptive of the work being done in 
this magnetic recording field include U.S. Pat. Nos. 
3,649,541; 3,810,840; 3,586,630, 3,740,266; 3,149,995; 
3,650,828; 3,630,771; 3,597,273 and many others. 
Among other patents relating to this microwave shield 
ing application and, especially, fillers useful therein are 
U.S. Pat. Nos. 3,140,342; 3,202,488; 3,476,530; 
3,583,930; 3,609,104; 3,620,873 and 3,648,937. 

Materials of improved properties and sought for use 
not only in the fields described above but also in making 
conductive formulations for use as flowable 'solders', 
e.g. epoxy solders filled with silver, and the like. The 
achievement of providing a relatively inexpensive, 
chemically inert, powder of suitable electrical conduc 
tivity or suitable ferromagnetic character has eluded 
investigators. Gold and silver are still used when excel 
lent chemical resistance or chemical stability are re 
quired. 

In a hindsight search of prior work, a search made in 
view of the invention disclosed in this application, it 
was noted that carbide powders have been used as su 
perconductive (U.S. Pat. No. 3,723,359), as a conductor 
in a ceramic material, as non-contacting, yet conduc 
tive, particles in a matrix to form a lossy dielectric mate 
rial. None of these applications suggest the use of car 
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2 
bides or like materials as protective coatings which 
utilize the morphology of the coating to (1) protect the 
particulate mass or substrate and (2) to preserve the 
conductivity of the composition as a whole. 

U.S. Pat. No. 3,671,275 to Gates wherein reflection of 
microwaves is said to be experienced at the expense of 
absorbing energy when conductive particles are in par 
ticle-to-particle contact. Gates relies on relatively small 
eddy current losses in large SiC particles to absorb 
energy. Such effects are relatively small when com 
pared to the energy absorption achievable with the 
magnetic and conductive powders described hereinbe 
low. 

Also, it is noted that nitrided metal particles are de 
scribed in U.S. Pat. No. 3,094,448 to Takahashi et al. 
The application teaches that iron nitride protects a 
high-iron alloy from corrosion when the coated parti 
cles are placed in magnetic tape. Takahasi does not say 
what nitride he uses. but Fe2N is water soluble and 
probably undesirable for use in Takahashi's process. 
Moreover, Fe3N are inferior in electroconductivity to 
the carbides and the like as described below. 
Also in hindsight it is noted it has been suggested in 

U.S. Pat. No. 2,958,936 to use carbides as insulating 
materials in forming highly resistive so-called "capil 
lary-conducting particles'. The author appears to have 
little or no interest in electrically-conductive materials. 

It is to be emphasized that the primary use of carbides 
and silicides according to the invention is to protect the 
surface characteristics of materials, particularly. Even if 
a metal is highly corrosion-resistant because of its abil 
ity to form a non-conductive protective oxide or sulfide 
on the surface thereof, it is a metal that can be suitably 
treated according to this invention and which will, 
upon treatment, be vastly improved in its long-term 
electroconductive capacity. Thus, in concept, the in 
vention differs from such prior art as disclosed by 
Takahashi which utilizes nitrides for the purpose of 
protecting the entire metal powder, e.g. one formed 
mostly of iron, from corrosion. 
There has been at least one previous manufacture of a 

carbide-coated metal powder. U.S. Pat. No. 3,901,689 
to Pelton describes the manufacture of a chromium-car 
bide-coated chromium powder and the use of this pow- . 
der in metallurgical compositions to facilitate the wear 
properties thereof. However, as might be inferred from 
the intended use, the carbide coatings of Pelton's mate 
rials are too thick to provide a good electroconductive 
powder using a relatively-high-resistant carbide like 
chromium carbide. 

SUMMARY OF THE INVENTION 
Therefore, it is one object of the invention to provide 

compositions comprising novel metal powders having a 
very thin protective inorganic coating thereon, said 
particles being present in particle-to-particle contact. 
Another object of the invention is to provide im 

proved electrically conductive composition for use in 
electromagnetic energy shielding compositions, e.g. for 
use in microwave shielding. 

Another object of the invention is to provide ferro 
magnetic composition of improved chemical resistance. 

Still other objects of the invention are to provide 
improved iron-based powders, improved nickel-based 
powders, and improved cobalt-based powders. 
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It is also an object of the invention to provide novel 
processes for making and using the compositions dis 
closed in the foregoing objects. 
Among the other objects of the invention are to pro 

vide novel compositions in which the powders of the 
invention are advantageously embodied and to provide 
novel products formed of these compositions, e.g. mi 
crowave shielding elements such as gaskets and the like, 
magnetic recording media and other such products 
wherein major improvements are realized from use of 10 
powder having improved chemical stability. 
Other objects of the invention will be obvious to 

those skilled in the art on reading this application. 
The above objects have been substantially achieved 

by forming compositions comprising particles based on 
any of iron, nickel, cobalt, and other metals which form 
protective ferromagnetic or electroconductive car 
bides, silicides or borides, or the alloys of such metals, 
with a thin protective coating of the carbide, silicide, or 
boride over the metal substrate. In general, the basic 
processes for forming metal carbides, silicides and bo 
rides are known in the art. The amount of metal which 
must be present under the protective surface can vary 
depending upon the use for which the particle is being 
prepared. If the use does not require more electrical 
conductivity than can be contributed by the coating 
layer, does not require metal for shielding and does not 
require metal for magnetic purposes, the core underly 
ing the surface-protective layer can be non-metallic. 
For example, it is entirely possible to form articles ac 
cording to the invention which are hollow metal 
spheres with a thin coating of carbide of silicide on the 
outer surface thereof. Moreover, it is entirely practical 
to convert metal-coated resins of metal-coated ceramics 
to particles according to the invention. Also, metal 
cores of aluminum, of copper, or of other such metals 
could support thin coatings of iron, nickel, cobalt or 
other metals which coatings are convertable to protec 
tive carbide or silicide coatings. 
As will be seen below, the products of the invention 

can be formed in any shape or size in which a metal 
surface can be formed. Nevertheless, it is the primary 
object of this invention to provide materals incorporat 
ing small particles, e.g. those passing through a 40-mesh 
screen or smaller. The greatest advantage is in treating 
particles of 40 microns average diameter or smaller. 
The particular morphology of the coatings is particu 
larly advantageous in treating particles of below about 
10 microns in average diameter and especially those 
below one micron in average diameter. It is in these 
smaller size ranges that severe problems are experi 
enced with respect to providing a treatment which does 
not substantially effect the properties of an excessive 
amount of the sub-surface mass of the particles. 

Among the novel products of the invention are par 
ticulate masses formed of: 

(a) Carbide coated metal powders, e.g. nickel car 
bidecoated nickel. In such materials the nickel is 
not as conductive as silver, but the protective car 
bide is conductive whereas silver's partial coating 
of oxide is not conductive. Moreover, the carbide is 
extremely resistant to air and humidity. 

(b) Silicide coated powders, e.g. cobalt silicidecoated 
cobalt. 

(c) Boride coated powders, e.g. nickel-boride-coated 
nickel. 
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4. 
(d) Electromagnetic energy shielding structures such 

as gaskets wherein the particle is ferromagnetic or 
superparamagnetic; e.g. cobalt-carbide coated co 
balt. Such materials should have resistivities of 
below 2500 ohm-centimeters, and advantageously 
will have resistivities below 25 ohm-centimeters, 
that being the contemplated maximum resistivity of 
the powders in particle-to-particle contact and 
incorporated therein and indeed as low as 1 ohn 
centimeter and lower. 

(e) Magnetic recording media. 
(f) Compositions wherein said powders are present in 

particle-to-particle contact, thereby providing 
electrically conductive compositions. 

The coatings must be electrically conductive and 
chemically inert for use in the formation of electrically 
conductive compositions according to the invention. 
Cobalt, nickel and iron form such carbides as have been 
illustrated. These three carbides can be formed conve 
niently attemperatures of about 220 C, 250 Cand 300 
Crespectively. They have nominal decomposition tem 
peratures of 300 C, 370° C and 950 C respectively. 
Although CO is a convenient carbide-forming environ 
ment, mixtures of hydrogen and CO can also be used 
conveniently. Those skilled in the art will be able to 
select other carbide-forming mixtures. 

Conductive carbides and silicides of titanium, vana 
dium, chromium, zirconium, niobium, molybdeum, haf 
nium, tantalum and wolfram can be utilized as coatings 
according to the present invention. 
There are a number of other metals which form car 

bide coatings, and would be useful in special circum 
stances; but which have certain practical disadvantages 
which limit their utility. For example, maganese carbide 
decomposes in water; copper carbide is metastable and 
often used in making detonators for use with explosives. 
Boron carbide, both inert and conductive, is inconve 
nient to form because temperatures as high as 2000 C 
are normally required. 
Without wishing to be bound by the theory, it is 

thought that the advantageous carbide and silicide coat 
ings of the invention are due to the ability of carbon and 
silicon to fit interstitially within the metal crystalline 
lattice of such metals as iron, nickel and cobalt. In any 
event, it does appear that the conductive coatings have 
a morphology which is advantageous in formation of 
extremely thin coatings which protect the metal sub 
strate from chemical deterioration. 
Some of the carbide materials, e.g. tantalum, hafnium 

and zirconium are superconductive at extremely low 
temperature, say about 5 Kelvin. This fact substantially 
increases the value of such materials at such reduced 
temperature levels. 
The preferred silicides are generally conductive, hav 

ing resistivities of only 6 to 200 microohm-centimeters. 
The lanthanum rare carths form stable and conductive 
silicides. This is important in special applications, e.g. as 
wherein samarium alloys like cobalt-samarium alloys 
can be protected by silicide coatings. Such materials are 
particularly valuable in making magnetic recording 
members. On the other hand, molybdenum, cobalt and 
platinum silicides are superconductors. Silicides of the 
first long period, e.g. scandium through zinc, are mag 
netic. 

Semiconductors (i.e. those materials which exhibit 
energy barriers which must be overcome as by a finite 
voltage before conduction occurs) can be of value in 
applications where only a chemically inert surface is 
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required; even the semiconductivity can be of some 
value in magnetic recording media. In general, how 
ever, the conductive coatings are required for the more 
advantageous application of the invention. 
The metallic content of particles is reduced very little 

by the treatment of the ivention. Indeed, even with 
irregularly shaped sub-micron particles subjected to a 
rather severe treatment, it is easy to achieve a substan 
tially complete coverage with less than about 40% con 
version of metal to the silicide, nitride, carbide, or bo 
ride. In advantageous applications, it is possible to 
achieve coverages with as little as 10%, even as little as 
2% or less of the metal being converted to form a suit 
able protective composition. In setting out the parame 
ters in this paragraph a wholly metallic particle is used 
as a model. Clearly, if the particle is formed of a ceramic 
core and an outer skin of metal is present, the percent of 
metal converted to a conductive coating will be much 
lower. 
The general idea remains the same: placement of a 

thin ohmic layer of material on the surface, a layer that 
in the most advantageous cases will close to a 3-to-10 
atom-thick layer. 

In general, the electroconductive powders of the 
invention combine the advantages of being less costly, 
more electroconductive, and more corrosion resistant 
than powders previously available. 
One surprising feature of the invention is that a sub 

stantially completely protective coating can be 
achieved in such a short time under such mild process 
ing conditions. One reason for this is believed to be that 
the surface on which the coating is formed is treated to 
assure reduction of any oxide coating thereon before the 
coating reaction. 
The extraordinary corrosion resistant character of 

the coated particles of the invention is also thought to 
be related to the cessation of the process after a very 
thin protective surface layer is formed. Disruption of 
the layer by mass transfer through the layer in an at 
tempt to achieve a deeper coat is substantially avoided. 
This chemical inert character is of advantage in compo 
sitions intended to have a long life - e.f. magnetic tape 
and energy-absorbing materials. However, it is also of 
advantage in systems having a high potential for chemi 
cal attack on the metal. Oxidizer-bearing explosive 
compositions are illustrative of such compositions. 

It is believed that further processing advantages will 
be achieved in rotary kilns or other such particle-mov 
ing equipment. 
A wholly unexpected advantage of the invention 

appears to be due to a favorable interaction between the 
treated surface of the particles and the silicone rubber 
and organic resin matrices into which the particles are 
loaded. Surprisingly advantageous physical properties 
are achieved when particles of a given size are loaded 
into such matrices. The effect seems to be achievable 
with silicone resins, as well as naturally-occurring and 
synthetic organic polymers, resins and plastics of the 
type based on hydrocarbon compounds. 

In some functions, e.g. the making of magnetic re 
cording members, the use of an electroconductive coat 
ing wholly dispenses with the need for a supplemental 
conductive pigment such as carbon black, thereby al 
lowing the addition of even more magnetic pigment per 
volume of magnetic recording composition. 
There are a number of various techniques known in 

the art of formulating electromagnetic solders. All of 
these techniques can be utilized in making formulations 
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6 
with the powders of the invention. Moreover, there are 
numerous manipulative techniques in the art for reduc 
ing the expense of the metal content of such powders 
and these too usually can be used in forming powders 
according to the invention. 
The term "resin matrix” as used in the application 

includes synthetic and naturally-occurring polymers as 
well as crosslinked resin systems, and any other of the 
materials generally known as synthetic plastic materials. 
For most microwave applications, say gaskets and seals, 
a resilient matrix such as an elastomer will be desirable. 
For magnetic tape coatings, any of the matrices well 
known in the art can be advantageously utilized. Liquid 
matrices can be used, e.g. in the formation of electri 
cally conductive solders. Of course, in most applica 
tions, such liquid materials will be caused to cure, or 
solidify by some other technique, after being extruded 
in a liquid form. The term "conductive' as used in this 
application and applying to the coatings on the particles 
is meant to refer to a coating material which follows 
ohm's law, specifically those materials which have a 
resistance that varies approximately linearly with thick 
ness across a layer of the conductor. Even a relatively 
low conductivity, in the numerical sense, is useful be 
cause of the extraordinary thinness of the coatings. 
Among the resins that can be used are vinyl poly 

mers, silicone resins, natural or synthetic rubber poly 
urethanes of the elastomeric and crosslinked type, 
epoxy and the like. Those skilled in the art fully under 
stand the utilization of all such resins in forming such 
compositions as contemplated by the inventors. 
Other electroconductive carbides which can be uti 

lized when desired are YC2, LaC2, PrC2, thorium, zir 
conium and uranium carbides, titanium carbide, chro 
mium carbide, tantalum carbide, molybdenum carbide 
and tungsten carbide. However, it should be recognized 
that some carbides afford too little corrosion protection, 
are decomposed by heat at low temperatures, are not 
moisture resistant, or are formed of a relatively noncon 
ductive metallic element which itself must be very thin 
in order that they not interfere with desirable electrical 
conductivity across the carbide coating. The latter ele 
ments are not desirable for electroconductive applica 
tions and would themselves have to be coated, thinly, 
onto an electroconductive substrate. Consequently, 
their use is usually non-economic. 

In general, the advantageous electroconductive prod 
ucts of the invention utilize compositions wherein the 
electroconductive metal cores have resistivities of less 
than about 15 x 10 ohm-centimeters at 0° C. The 
most preferable materials are below about 10 x 106 
ohm-centimeters. 

It is to be recognized that electromagnetic shielding is 
obtained by different mechanisms. Shielding may be 
achieved by wave-reflection in which case electrocon 
ductivity is an important characteristic of the shield. 
Also, shielding can be achieved by use of so-called 
lossy-dielectrics. In the former situation, the material 
need not be highly magnetic; in the latter case, the mate 
rial must be strongly magnetic but requires no bulk 
electroconductivity; requires no contact between elec 
tromagnetic particles. Of course, some shielding appli 
cations will be best satisfied by compositions which are 
both conductive and magnetic. 

Carbided iron powders are particularly favorable for 
use in silicones below about 210 C. Thus, they are 
particularly useful in silicone compositions which are 
not utilized nor processed at temperatures above 210 
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C. It is helpful if small quantities of materials like silica 
or carbon black, say in the quantity of about 0.5% of the 
composition are used. Conductive carbon blacks are 
preferred. 
A particularly desirable electromagnetic shield can 

be prepared from such materials by applying a strong 
magnetic field, e.g. 3000 oersteds for a few minutes after 
the material is applied. The field cause the particles to 
align in chains and can be used to lower the resistivity, 
e.g. by of from 0.5 to 0.2 depending upon the require 
ments of the application. 
Some of these uses allow use of coatings, but it should 

be noted that many of the uses for the compositions of 
the invention relate to three-dimensional, shaped arti 
cles of 0.010 inches or more. It is in these latter applica 
tions such as gaskets etc. that many of the mass proper 
ties such as conductivity and radiation attenuation, etc. 
of the compositions are most favorably manifested, i.e. 
in a way that their mere chemical resistance would not 
suggest. However, nothing in this paragraph is meant to 
denigrate the advantageous, e.g. corrosion-resistant 
properties of thin coatings formed of the compositions 
of the invention. 

In general, the carbided products of the invention are 
exceptionally resistant to corrosion in salt and sulfurous 
atmospheres. Nickel carbide-coated nickel is particu 
larly advantageous in this respect. Among the uses to 
which the compositions and structures of the invention 
can be placed are conductive structures such as tubing, 
floor coverings, footwear, floor protectors on legs of 
furniture conductive stripes and coatings on plastic 
pipe, tanks and drums, conductive casters for moveable 
apparatus, tires (as for gasoline, trucks, aircraft, etc.) 
non-sparking conveyor belt components, non-sparking 
powertransmission belts, conductive lubricants and 
conductive coating. 

Illustrative Example of the Invention 
In order to point out more fully the nature of the 

present invention, the following working examples are 
given as illustrative embodiments of the present process 
and products produced thereby. 

In the Drawings 
The drawings are included only to meet any formal 

requirements of disclosure of novel articles claimed 
under the invention. 

FIG. 1 is a schematic diagram of a magnetic tape 
formed according to the invention. 
FIG. 2 is a microwave energy-absorbing gasket 

formed according to the invention. 
FIG. 1 illustrates a segment of magnetic tape 10 com 

prising a polymeric film substrate 14 and a ferromag 
netic composition 12 thereon. Composition 12 com 
prises a synthetic hydrocarbon-based polymer matrix 16 
and ferromagnetic particles formed according to the 
invention incorporated thereon. 

FIG. 2 illustrates a microwave energy-absorbing 
shield, a gasket 20. Gasket 20 is mounted on a base 25, 
but essentially comprises ferromagnetic particles 22 
coated with a carbide and incorporated into a cured 60 
silicone rubber matrix 23. 

EXAMPLE 1 

A quantity of 100 grams of nickel powder was placed 
in a boat and inserted into a tube oven. The powder was 
about 0.25 inches deep in the boat. (The powder was of 
the type sold under the trade designation Type/23 
nickel powder by International Nickel Company. The 
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8 
powder has a nominal particle size of 4 to 7 microns and 
a Surface Area of 0.34 square meters per gram.) 

After the oven was purged with nitrogen, it was 
heated to 850 F with hydrogen passing through the 
oven at a rate of 2400 standard ml per minute for 30 
minutes. Gas chromatography showed the moisture 
level was less than 0.002% by volume. The tube was 
then cooled to 550 F and carbon monoxide gas was 
passed over the sample for one hour. The tube was 
purged with nitrogen, cooled and opened. The powder 
was recovered as a carbide-coated nickel powder. 
Four grams of the powder was poured onto a glass 

surface. Three grams of a silicone rubber sold under the 
trade designation Silastic 738 RTV by Dow Corning 
Co. was thoroughly mixed with the powder. The mix 
ture was placed in a disposable plastic syringe and a 
1/16-inch diameter string was extruded onto a watch 
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glass. This string was cured for 12 hours at 122 F and 
50% relative humidity. The cured thread was tested for 
resistivity with a Micronta Model 22-205 multimeter 
and found to have a resistance of 42 ohms for a 1 cm 
spacing, or 3.3 ohm-centimeters. 
A sample of the carbide-coated powder was exposed 

to an atmosphere of air at 160 F and 50% relative 
humidity for 100 hours with no substantial change in 
conductivity. 

EXAMPLE 2 

The same general process described in Example 1 
was followed again except that, instead of the metal 
powder, nickel oxide powder was used. This nickel 
oxide powder was supplied as a so-called "soluble' 
powder by International Nickel Company. It typically 
contains about 77% metal, about 76.5% of which is 
nickel and cobalt. 
The powder required reduction for several hours 

before the H2O level of the off gas dropped to 0.002% 
by volume, thus indicating that the surface was wholly 
protected by a metallic coating. After cooling to 550 F, 
the powder was treated for one hour with CO. The tube 
was then purged with nitrogen and cooled to room 
temperature. Upon opening the tube and exposing the 
sample to room air, no spontaneous heating occurred. 
The powder was a carbide-coated nickel, non-pyro 

phoric and electrically conductive. The magnetic prop 
erties were tested. They were: 

Coercive Force - 136 oersteds 
Squareness - 0.39 
Specific Magnetic Moment - 57 emu/gram 
Four grams of the powders was mixed with two 

grams of Dow Corning's Silastic 738. The resultant 
composition was cured for 1 hour at 160 F and 50% 
relative humidity. The resistivity was 2.7 ohm-centime 
terS. 

EXAMPLE 3 

Superparamagnetic cobalt powder illustrated below 
has a number of advantages. First, the magneto-crystal 
line constant, K1, of cobalt is higher than that of nickel 
and the interaction of cobalt with magnetic component 
of microwave energy fields is more effective with 
higher frequency signals than is nickel. Moreover, su 
perparamagnetic cobalt provides higher energy absorp 
tion than does ferromagnetic cobalt. 

Quantities of 240 grams of cobalt nitrate hexahydrate 
and 60 grams of zinc sulfate heptahydrate were dis 
solved in 400 ml of deionized water. The resultant solu 
tion was added dropwise, and with agitation, over about 
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5 minutes to a second solution containing 252 grams of 

oxalic acid in 1000 ml of water. The resulting precipi 
iate, a cobalt oxalate, was washed. It was then coated, 
from isopropanol, with a polyamide resin. The resin 
was that available from AZ Products Inc. of Eaton 
Park, Florida under the trademark AZAMIDE 325. A 
quantity of resin coating is used which is equal to about 
7% of the metal content of the oxalate. The resin-coated 
oxalate was fired in a tube furnace at 650 F under a 
nitrogen stream of 2400 ml per minute until the CO2 
content of the off gas dropped to 0.02%. Then the tem 
perature was decreased to 540 F and the tube was 
purged with 2400 standard ml per minute of carbon 
monoxide for 1 hour. Next, the tube was purged with 
nitrogen, cooled, and opened. The resulting powder 
was a mixture of ferromagnetic and superparamagnetic 
powders. The mixture has a squareness of 0.1 and a 
coercive force (H) of 123 measured on a 60 cycle HB 
loop testing apparatus in a magnetic field of 3000 oer 
steds. Thus, the characteristic of the mixture was super 
paramagnetic as confirmed by a dM/dT curve. 

EXAMPLE 4 

A quantity of 250 grams of cobalt nitrate hexahydrate 
was dissolved in 400 milliliters of deionized water and 
then added, dropwise and with agitation, to a solution 
of 252 grams of oxalic acid dihydrate in 1000 milliliters 
of deionized water. This addition was carried out in a 
1500-ml, baffled Erlenmeyer flask. The precipitate was 
filtered, washed with 500 ml of deionized water and 
then washed with 500 ml of isopropanol. The dry pre 
cipitate was placed in a tube furnace in a sample boat 
such that the powder was less than about 0.25-inches 
deep. The boat was placed in a 2.75-inch diameter stain 
less steel tube and the tube was placed in a Norton-Mar 
shall 3-inch diameter tube furnace. The powder was 
reduced to metal under 2400 standard milliliters per 
minute of gas containing 30 volume percent of hydro 
gen and 70 volume percent of nitrogen. After the CO2 
concentration in the vent gas fell below 0.02%, the gas 
stream was formed of nitrogen only, and the tempera 
ture was lowered to 450 F. Carbon monoxide was then 
passed over the powder for 1 hour at this temperature. 
The gas was changed to nitrogen and the tube cooled to 
room temperature. The tube was opened, to expose the 
resultant carbide-coated cobalt to air with no spontane 
ous heating occurring. The specific magnetic moment 
was found to be 140 emu per gram. Pure cobalt would 
have a emu value of 161. Thus, the powder was about 
87%, by weight, of cobalt metal. The coercive force 
(H) of the metal was 279 oersteds, the squareness was 
0.67 when measured on a 60 cycle BH loop tester in a 
3000-oersted applied field. 
The powder was highly conductive: for example, 

even when electrical leads were merely placed about 
one inch apart in a loose mass of the powder about 
1/4-inch in depth, the resistance was only 10 ohms. The 
powder retained its conductivity after 100 hours expo 
sure at 160 F in air at a 50% relative humidity level. 

EXAMPLE 5 

A sample of a nickel carbonyl powder having an 
average particle size of about 5 micron is placed into a 
tube furnace and treated with hydrogen to reduce any 
oxide all according to the general procedure taught in 
the previous examples. 
Thereupon some nitrogen, about 10% based on the 

volume of hydrogen, is bubbled through silicon tetra 
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10 
chloride and mixed with the stream of hydrogen. The 
tube is heated up to 1000 C. The treatment is continued 
for about 1 hour during which time a coating of conduc 
tive nickel-silicide forms on the nickel powder. Lower 
temperatures, e.g. 700 C, require somewhat longer 
reaction times. 
The resultant material is highly resistant to corrosive 

action of humid atmosphere, to acids and to bases. The 
coating can be dissolved by oxidizing with a solution of 
hydrogen peroxide. 

EXAMPLES 6-8 
The same general process as defined in Example 5 is 

repeated to form cobalt silicide-cobalt and to form a 
mixed metal silicide coating over an alloy comprising 
about 20% nickel, 20% iron and 60% cobalt. In each 
instance the silicide is chemically inert and electrically 
conductive. : 

EXAMPLE 9 

The same procedure as defined in Example 5 is fol 
lowed excepting that iron is used instead of nickel boron 
trichloride is substituted for the silicone tetrachloride 
and is passed over the metal for a period of 1 hour at a 
temperature of 400 C at 700 C. After the metal pow 
der is cooled, it has a stable relatively-inert, iron boride 
coating. 

EXAMPLES 10-12 

The same process is disclosed in Example 5 is re 
peated to with titanium powder, with vanadium powder 
and with an 80:20 cobalt nickel alloy. In each case, a 
stable, electroconductive boride coating is formed on 
the particle. 

EXAMPLE 13 

An alloy powder formed of 20% nickel, 20% iron 
and 60% cobalt is formed by making a mixed metal 
oxalate salt and reducing it to form the alloy powder. 
The procedure described in U.S. Pat. No. 3,843,349 is 
used to form this powder. 
Thereupon, the procedure of Example 1 is used to 

carbidize the outer surface of the iron alloy. 
EXAMPLE 1.4 

A sample of nickel carbide was prepared according to 
the procedure of Example 2. Seven parts of the powder 
was combined with 0.1 parts of pyrrole in 8 parts of 
acetone. After thorough mixing, the acetone was al 
lowed to evaporate. The resulting dry powder was 
intimately mixed with 3.5 parts of a silicone resin com 
position available under the trademark SILASTIC 
RTV 738 from Dow Corning. The resultant mixtures 
was formed into a bead of 0.067 inches in diameter. The 
tread was cured for 16 hours at 160 F relative humid 
ity. The resistance of the thread was found to be 200,000 
ohms with the probes 2 centimeters apart. This 2-centi 
meter section of gasket was placed under compressive 
force and the following resistivities were measured: 

Force ohms 

O 200,000 
709 grams 10,000 
1769 grams 2,200 
709 grams 10,000 
0 grams 200,000 



4,137,361 
11 

This gasket material is useful in microwave shielding 
operations and also as an element in a force-measuring 
load cell. It should be noted that the energy-absorbing 
characteristics are enhanced with the increase in con 
ductivity experienced when this material is placed 
under tension or in compression. 

EXAMPLE 1.5 

A magnetic coating is prepared by dissolving 8.45 
parts by weight of a polyester polyurethane sold under 
the trade designation Estane 5707 by B. F. Goodrich 
Company and 2.00 parts by weight of soya lecithin 
chosen that the total solids content of this solution is 
15% in tetrahydrofuran. The solution is charged to a 
ball mill, 72.5 parts by weight of a carbide-coated co 
balt-nickel-iron alloy powder of Example 13 is added 
and this mixture is milled for 24 hours. Then carbon 
black, (3.7 parts by weight), lubricants (2.3 parts), cata 
lyst (0.05 parts) and sufficient solvent to reduce the total 
solids content of the mixture to 35% and milling is 
continued for 2 more hours. This mixture is drained 
from the mill, 1 part by weight of a trisocyanate mate 
rial formed of a polyurethane-type prepolymer with 
terminal isocyanate functionality and sold under the 
trade designation Mondur CB-75 by the Mobay Chemi 
cal co. was added and the final mixture applied, by 
gravure coating, to a 0.001-inch thick polyimide film 
and dried as before to a thickness of 0.0002 inches. 
The resultant coated sheet is subjected to a calender 

ing process between a compliant paper roll and a 
smooth steel roll, as is well known in the art, to smooth 
and compact the two coatings and then placed in an 
oven for 2 hours at 100 C, after which time the cross 
linking reactions is complete as will be evidenced by the 
disappearance of the absorbance band at 2300 cm- in 
the infared spectrum of tetrahydrofuran extracts of the 
coating and by the isolubility of the coating when sub 
jected to a "rub test'with a Q-tip wet with methyethyl 
ketone. This completed web is then slit into various 
widths for testing. 
The coating formulation is set forth in Example 1. 

TABLE 1 
MAGNETEC FORMULATION 

Ingredient Parts by Weight 
Powder from Example 13 72.5 
Polyester-polyurethane (Estane 5707) 8.45 
Soya Lecithin 2.00 
Lubricants (Butoxyethyl stearate) 2.30 
Crosslinking Agent CB-75 1.00 
Catalyst, Ferric Acetyl Acetonate 0.05 

EXAMPLE 16 

The resultant tape of Example 15 can be stored for 
many days at 50% humidity and 140 F without any 
sign of deterioration of the metal powder. 

EXAMPLE 17 

The storage test of Example 16 is repeated using a 
silicide-coated iron powder prepared according to the 
invention. Substantially the same stability is achieved. 

EXAMPLE 18 

The storage test of Example 16 is repeated using an 
80:20:20 iron-nickel-cobalt alloy carbide-coated pow 
der. Again, although only about 2% of the metal has 
been converted to carbide, the resulting tape has ex 
traordinary chemical stability. 
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12 
EXAMPLE 9 

One advantageous aspect of the work of the instant 
invention is the fact that the magnetic materials are 
found to absorb much more energy when used in elec 
tromagnetic shielding applications than do the silver 
type materials which have been used heretofor. If one 
describes a parameter "Q" as the square root of a quan 
tity of energy lost by a shielding medium at a given 
frequency, it is possible to demonstrate that several 
times more energy may be absorbed by electromagnetic 
powders as by other powders. 
To illustrate this, a sample coil is formed of six turns 

of No. 12 copper wire. The coil is formed to have a 2.8 
cm diameter and to be 2.8 cm long. This coil is charac 
terized by an inductance of 0.8 microhenrys and a Q 
value of 420 at 18 megahertz. 
Samples of metallic material were packed in a cylin 

drical holder formed of 0.25 cm volume and 0.5 cm in 
diameter and inserted into the coil. The following re 
sults were obtained: 

Q AQ 
2 (no sample) 420 
2 (silver powder) 412 8 
2 (powder of Ex 1) 194 226 

The drop in Q value is indicative of the ability to 
absorb energy. 
Another coil was prepared using 1 turn of the copper 

wire. This coil was 1 cm in diameter with 4 cm leads 
from the turn, it had an inductance of 0.0685 micro 
henry and a Q value of 213 at 200 megahertz. On plac 
ing powder into the field 

Q AQ 
2 (no sample) 213 WO 
2 (silver powder) 152 6 
2 (powder of Ex 1) 46 167 

This advance is made possible by (1) a realization that 
prior emphasis on conductivity is not wholly justified in 
determining efficiency of an electromagnetic energy 
shielding material: Magnetic permeability is also impor 
tant and by (2) a way to provide magnetic particles in a 
chemically-resistant, electrically-conductive mode. 

EXAMPLE 2.0 

To illustrate the favorable modification of surface 
properties achieved by a carbided metal prepared ac 
cording to the invention, a comparison was made be 
tween the alloy described in Example 6 both in its me 
tallic and carbide-coated modes. 

In the metallic mode, when the powder was slurried 
in methylene chloride, it tended to settle out rapidly 
from the liquid. When treated with carbide, the resul 
tant powder formed a stable suspension with methylene 
chloride, 

EXAMPLE 2 

A sample of iron oxide of the type sold under the 
tradename MO2228 by Charles Pfizer Co. is coated 
with 15% by weight of a polyamide coating as de 
scribed in Example 3. 

This oxide is then treated in a stream of 60% nitrogen 
and 40% hydrogen at 725 Funtil the H2O in the off-gas 
indicates that the oxide has been substantially converted 
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to iron metal. Thereupon, the gas stream is converted to 
100% CO at 670 for 1 hour. 
After being cooled, the resultant powder is a car 

bidecoated iron having extremely good chemical resis 
tance. For example, the magnetic moment remains sub 
stantially constant after exposure of the metal for a 
week at 106° F and 50% relative humidity. 
The magnetic properties of such a metal were: sigma 

value magnetic moment of 100, a coercivity of 460, and 
a magnetic squareness of about 0.57. 

EXAMPLE 22 
The carbided nickel powder of Example 1 was dis 

persed in pre-polymerized polyurethane resin sold 
under the trade designation Estane 5707F1 polyure 
thane by B.F. Goodrich Chemical Company. The pow 
der comprised 72% by weight of the resultant composi 
tion, net, the composition was a readily spreadable paint 
composition. The film of Mylar was coated with the 
paint and the paint was dried to a highly-conductive 
electrical film. 

EXAMPLE 23 
A carbided iron powder-based paint was prepared as 

disclosed in Example 22. An iron powder was selected 
which passed through a 325-mesh screen. Thereupon, 
the powder was treated with hydrogen to provide a 
clean surface and carbided, with CO. The resultant 
powder has a coercivity of about 2-3 oersteds. 
This iron powder is dispersed in polyurethane and 

forms a coating material which acts as a magnetic coat 
ing suitable for use as a magnetic bulletin board or the 
like. The coating is readily spreadable over irregular 
surfaces and irregular articles coated therewith exhibit a 
soft magnetic character. 

EXAMPLE 24 
The following compositive tests on conductivity 

illustrate the value of the compositions of the invention. 
Three conductive metal powders were tested. These 
Were 

A: Silflake 135 - a silver powder sold by Handy and 
Harmon Company. 

B: INCO 255 - a carbonyl-derived nickel powder 
sold by the International Nickel Company. 
C: COBALOY 807S - a carbided nickel powder 

sold by The Cobaloy Company of Arlington, Texas, a 
division of Graham Magnetics Incorporated of Gra 
ham, Texas. 
Each of the above-listed powders were mixed into an 

epoxy formulation based on the liquid Epoxy resin sold 
under the trademark EPON 828 by Shell Chemical Co. 
The epoxy was cured, in each case, with the same ap 
propriate quantity of the polyamide curing agent sold 
under the trademark Versamid V40 by General Mills 
Inc. 
The resultant formulations were cured according to 

the method known to the art and subjected to a 2000 
hour dwell time in chamber maintained metal at 50% 
relative humidity and 106' F. 

Initial Resistance 
% by weight ohm-cm 2000 hour resistance 

A. 71 0.01 0.01 
C 71 0.026 0.028 
B 71 2 6000 

It was particularly surprising that when mixtures 
containing equal weights or equal volumes of silver and 
carbided nickel are mixed together and tested as de 
scribed, the resultant resistivity is lower than when 
either material is used alone. Increases in conductivity 
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14 
of from 50 to 1000% can be achieved with such mix 
tures. 

It is of course to be understood that the foregoing 
examples are intended to be illustrative and that numer 
ous changes can be made in the reactants, proportions, 
and conditions set forth therein without departing from 
the spirit of the invention as defined in the appended 
claims. 
What is claimed is: 
1. An article of manufacture comprising a substrate 

and, thereupon a coating of a conductive composition 
comprising (1) a mass of small particles formed of a core 
material of an electroconductive metal and a thin elec 
trically-conductive, corrosion-resistant, surface layer of 
a conductive silicide, boride or carbide and (2) a resin 
matrix for said particles within which said particles are 
dispersed and form means to conduct electricity and 
said conductive composition having a resistivity of less 
than 2500 ohm-centimeters. 

2. An article as defined in claim 1 wherein said metal 
lic particles are coated with nickel carbide. 

3. An article of manufacture as defined in claim 2 
wherein said particles are below 10 microns in diameter, 
and have a resistivity of less than 25 ohm-centimeters 
and said thin layer is 3 to 10 atoms thick. 

4. An article of manufacture as defined in claim 1 
wherein said particles are below 10 microns in diameter, 
and have a resistivity of less than 25 ohm-centimeters 
and said thin layer is 3 to 10 atoms thick. 

5. A shaped article adapted for shielding an environ 
ment from electromagnetic radiation, said article bear 
ing a coating of a conductive composition comprising a 
resin matrix and a mass of small particles formed of a 
core material of an electroconductive metal and a thin 
electrically-conductive, corrosion-resistant, surface 
layer of a conductive silicide, boride or carbide on the 
surface thereof. 

6. An article as defined in claim 5 wherein said metal 
particles are nickel and said coating is nickel carbide. 

7. An article as defined in claim 5 wherein said metal 
particles are iron and said coating is iron carbide. 

8. A shaped article as defined in claim 5 comprising a 
minimum thickness of 0.010 inch. 

9. An article as defined in claim 5 wherein the parti 
cles are formed of a ferromagnetic metal. 

10. An article as defined in claim 5 wherein the parti 
cles are formed of a superparamagnetic metal. - 

11. A shaped article as defined in claim 5 wherein said 
thin layer is 3 to 10 atoms thick. 

12. An article as defined in claim 5 wherein said ma 
trix and particles form a composition having a resistiv 
ity of below 2500 ohm-centimeters. 

13. An article as defined in claim 12 wherein said 
surface layer is iron carbide or nickel carbide. 

14. A magnetic recording medium carrying thereon a 
ferromagnetic layer comprising carbide or silicide 
coated ferromagnetic metallic particles dispersed 
within a resin matrix. 

15. A magnetic recording medium as defined in claim 
14 wherein said metal particles are iron powder or co 
balt powder. 

16. An article of manufacture, a magnetic recording 
member comprising a substrate and on said substrate a 
coating formed of a conductive composition comprising 
(1) a mass of small particles formed of a core material of 
an electroconductive metal and a thin electrically-con 
ductive, corrosion-resistant, surface layer of a conduc 
tive silicide, boride or carbide and (2) a resin matrix for 
said particles within which said particles are dispersed 
and form means to conduct electricity. 

2 : k k sk 
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